Silicon Gate HCMOS Macrocell Array 


General 


The LSI 5000 series of silicon gate HCMOS arrays from 
LSI LOGIC CORPORATION is a high performance family 
of arrays, with complexity ranging from 880 to 6,000 
gates, and maximum pin count ranging up to 180. The 


Features 

e Implements user defined logic 

e 880 to 6,000 gate complexity 

e Up to 180 pin count 

e Double level metal interconnect 

e Schottky TTL speeds at 5V supply 


Product Outline 


Part 
Number 


LS! 5080 
LS! 5140 
LS! 5220 
LSI 5320 
LSI 5420 
LS! 5600 


Recommended 
Power Pads”) 


Notes: 1. Two input NAND gate, fanout 2, with 2 mm metal interconnect. 


2. Ta=0 to 70°C, Vpp =5V +5%. 
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LSI 5000 series uses 3 micron HCMOS technology with 
2 level metal interconnect, offers Schottky TTL speeds 

at CMOS power consumption, and is alternate sourced 
by Toshiba Corporation. 


Proven silicon gate 31 HCMOS technology 

e Ceramic and plastic packages available 

e Supported by LDS-I™ (LSI Development System) 
e Supports 7400 SSI/MSI functions directly 

e Full input/output TTL/CMOS compatibility 


Gate Speed nsec" | Supported 


3. Additional Vpp and Ground pads may be required, reducing the available I/O, according to number of outputs used 


(see Vpp and Ground Requirements). 


Packaging 


The LSI 5000 series of HCMOS Macrocell arrays may 
be packaged in a variety of leadiess and leaded chip 
carriers, pin grid array and dual in-line packages. Plastic 
packages are not available to full military temperature 
range. LSI LOGIC CORPORATION packaging Application 
Note A33 should be consulted for more details. 


Notes: 1. Subject to chip size limitation. 
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Product Description 


The LSI 5000 series of Macrocell arrays are 
manufactured using proven silicon gate oxide-isolated 
HCMOS process. Dual layer metal interconnect 
technology is used to implement the logic function. 


The circuits are organized as arrays of cells as shown 
in Figure 1. The individual N and P channel transistors 
are configured into a variety of logic elements called 
Macrocells, using predefined metal interconnections. 
Currently there are approximately 60 Macrocells defined 
in the LSI 5000 series with additional elements being 
added on a regular basis. Figure 2 lists many of the 
Macrocells along with their complexity as measured by 
their number of equivalent 2 input nand gates. 


A variety of input/output configurations are available. 


e All 1/0 pads can be configured as inputs, outputs or 
bidirectional tristate. 


e All I/O pads have active pullups and pulldowns 
available (typically 100k ohm). 

e Any input may make use of TTL input level shifters tc 
meet worst case TTL input specifications. 


e All assigned outputs are capable of driving 4 LS TTL 
loads. Additional drive capability may be obtained by 
connecting output buffers in parallel to provide 8 or 
12 LS load drive capability. 


Many designers prefer to design with 7400 MSI logic 
functions. LSI Logic supports these higher level 
functions which are known as Macrofunctions. Most 
popular 7400 series functions are available to the user. 
Additional functions as required by the designer are 
added to the library on a regular basis. Macrofunctions 
are used at the logic design and simulation stage, then 
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automatically simplified for layout. Tables 1 and 2, and 
the LSI LOGIC Application Note A31 contains more 
information on available Macrofunctions. 


The LSI 5000 series of HCMOS Macrocell arrays are 
ideal for the replacement of LS/S TTL logic in medium 
and high speed systems. IC count can be reduced by 
factors of tens to hundreds depending on the density of 
the array used. Power requirements can be reduced by 
several orders of magnitude, reliability significantly 
enhanced and the total cost and size of the system 
similarly reduced. 


The subject of TTL input buffering deserves further 
discussion. To meet the traditional TTL worst case Vjy 
of +2 volts, the input buffer may be used. Because 
the N device has a channel width eight times that of 
the P device, the effective threshold is lowered and 
+2 volts recognized as a logic 1. However the N and 
P impedance mismatch introduces substantial non- 
symmetrical delays. Fortunately a +2 volt Viy 
minimum is not normally required in an actual system. 
When not sourcing significant DC current in the high 
state (as is normally the case) a LS/TTL output is one 
diode drop below Vcc or typically 4.2 volts. If a pullup 
to + 5V is used (either on-chip or external resistor), the 
input rises to Vpp. The use of delay inducing TTL input 
shifters just to meet often unnecessary and overly 
conservative specifications should be reviewed with 
care prior to committing the final design. 


The high density and low power dissipation of the LSI 
5000 series of HCMOS Macrocell arrays make it ideal 
for high performance applications, where speed, space 
and power are at a premium. 
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Figure 1. The 5080 Array Shown is Typical of the LSI 5000 Series Organization 
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Macrocell 

Transmission Gate 
Transmission Gate Multiplexer 
Inverter 

Dual Inverter 

Power Inverter 

2 Input NAND 
3 Input NAND 
4 Input NAND 
6 Input NAND 
8 Input NAND 
2 Input NOR 
3 Input NOR 
4 Input NOR 
6 
8 
2 
Pa 
2 
2 


Equivalent 


— 


Input NOR 

Input NOR 

Input AND into 3 Input NOR 

Dual Input AND’s into 2 Input NOR 

Input OR into 3 Input AND 

Dual Input ORs into 2 Input NAND 
Inverting Majority Gate 
Exclusive OR 
2 Input OR/NAND into 2 Input NAND 
2 Input Equivalence 
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Macrocell 


2 Input AND/NOR into 2 Input NOR- 


Non-Inverting Internal Tri-State 
Buffer 


4 
Gated D Latch 3 
3 
5 


Equivalent 


Gated D Latch (Active Low Gate) 
D Type Flip-Flop 
D Type Flip-Flop with Direct Clear 


or Set 6 
D Type Flip-Flop with Direct Clear 

and Set 7 
JK Flip-Flop 8 
JK Flip-Flop with Direct Clear or Set 9 
JK Flip-Flop with Direct Clear and Set 10 
Non-Inverting TTL to CMOS Clock 


Driver 3] 
Inverting Schmitt Trigger 5 
Non-Inverting Output Buffer 2 
Non-Inverting Output Buffer 2X Drive 4 

6 
6 


Non-Inverting Output Buffer 3X Drive 
Non-Inverting Tri-State Output Buffer 


Non-Inverting Tri-State Output 
Buffer (Fast) 10 


Pull-Up Resistor 
Pull-Down Resistor 


Be one available on each I/O pin 


Figure 2. Some Available Macrocells and Their Complexity Measured in Equivalent Gates 


On-Chip Testing Aids 


LSI LOGIC CORPORATION offers a full complement of 
on-chip testing techniques oriented towards designing 
testability and system diagnostics into the array. In 
particular, LS! LOGIC supports both level sensitive 
scan design and scan testing using either single or two 
phase clocks. 


Scan testing, often associated with Level Sensitive 
Design, is in fact an independent concept which may 
be used with either one or two phase clocks. Scan 
testing simply involves the capability to serially shift 
the contents of all internal flip-flops off-chip in a test 
mode. This allows the contents of buried registers and 
counters to be easily examined. In addition, test 
patterns may be shifted into the array, initializing all 
internal memory elements to any desired state. Scan 
testing simplifies testing at the component level but 
more importantly, simplifies system diagnostics. If 
properly designed, entire boards of arrays may be put 
into test mode and all internal registers read out and 
analyzed, greatly reducing repair time. 


To provide scan testing of the array it is necessary to 
add three I/O pins: Test Input, Test Output and Test 
Enable. Additionally, all flip-flops and latches must 
have multiplexed inputs so that they may be connected 
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as shift registers in the test mode. For those using the 
classic IBM LSSD, two latch configurations, LS1 and 
LS2 are available. The LS1 is a D latch with two 
independently gated D inputs. The LS2 is an LS1 with 
another gated latch to store its output. 


For those desiring to use scan testing with the more 
traditional single phase clocks, a family of Macrocells 
and Macrofunctions is available. The family is a 
superset of the flip-flop cells and Macrofunctions 
containing flip-flops. Each member of the family has 
two additional inputs, test input (Tl) and test enable 
(TE). By connecting these family members together, all 
flip-flops can become a shift register when the test 
input is enabled (Figure 3). All that is required to select 
the scan logic elements is to add an ‘‘S suffix’’ to any 
flip-flop or MSI element containing flip-flops. In the 
TEGAS V netlist two additional entries corresponding 
to test select and test source are inserted. 


Because of the ease of use of our scan testing 
Capability, arrays may be designed in the conventional 
fashion and a scan testing capability easily added with 
a few statements. The overhead for scan testing, as 
compared to a non-scan test design, is three I/O pins 
and 10 to 20% extra gates, depending on the design. 
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CONTAINING 


OUTPUT 


Figure 3. Scan Testing May be Added Easily to Any Macrocell or Macrofunction 


Propagation Delays 

Propagation delays of LSI 5000 Series HCMOS array 

logic elements are a function of a number of factors: 
e Fanout 
e Interconnection routing 

Junction temperature 

Supply voltage 

Processing tolerance 

Input transition time 

Input signal polarity 


Once a design has been entered into the LDS I 
Development System, the LDPS delay path program 
provides listings of these delays. Prior to layout, the 
values are based on estimated interconnections; after 
layout the program is rerun and final delay values 
listed, based on actual interconnections. 


Prior to the availability of the network in computer 
format, approximate delay calculations may be used. 
This may be done as follows: 


The Figures 10 and 11 list typical delays for many 
common array logic elements (Macrocells). The delays 
of Figure 11 include the effect of interconnections 
based on an assumed interconnection length of one 
millimeter per fanout. Delays for greater fanout or other 
logic elements may be extrapolated from the table, as 
required. 


The effect of temperature (Ky) may be estimated using 
Figure 4. The maximum junction temperature (which in 
CMOS is usually quite close to the ambient 
temperature) will determine a propagation delay 
multiplier. Similarly, the effect of supply voltage 
variation (Ky) is determined by use of Figure 5. The 
maximum effects of process variation (Kp) is 
calculated to be + 40%; therefore, a factor of 1.4 
should be used to estimate maximum propagation 
delay. 


The maximum propagation delay is therefore: 

Tmax = Kp « Kr » Ky (Tryp) 
Output buffer delays are shown in Figures 6 and 7 for 
driving TTL and CMOS. The difference in the two cases 
is caused by the different input thresholds of the driven 
elements, 1.3 volts for TTL, 2.5 volts for CMOS. CMOS 
inputs which use input level shifters will exhibit the same 
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1.3 volt threshold as TTL. As with internal gates, the 
worst.case delays are calculated using the Kp Ky Ky 
multiplier factors, defined above. 


Example 

Asimple example will illustrate the technique. The circuit 
of Figure 9 must operate over 0 to 70°C temperature 
and 4.75 to 5.25 volt power supply variation. Using 
Figures 4 and 5 and the 1.4 process multiplier, we 
determine that the worst case maximum delay will be 
1.4 x 1.16 x 1.07 = 1.74 times that of the typical delay. 


The AO2 AND-NOR gate, shown in Figure 8, illustrates 
the advantage of the CMOS implementation. Two levels 
of gating are achieved with a single inversion. The AO2 
drives a BTS1 three state buffer directly. The BTS1 
drives off chip, through a pc board, and on to another 
array using a TLCH input level shifter. The total 
capacity of the output, interconnect, and input is 35 pF. 
The TLCH drives the D input of a FD2 D flip-flop plus 
two other loads. The buffer characteristics of Figure 6 
and the delays of Figure 11 were consulted and the 
positive and negative going delays tabulated in Figure 
9. Two values were unavailable directly and were 
estimated. The FD1 flip-flop delays are listed up to 
afanout of four; in this usage the fanout was 5. Extrap- 
olating from data shown, delays of 13.3 ns and 8.9 were 
assumed. 


The total clock to clock delay is 31.7 ns typical, 55.2 ns 
worst case. The LDPS program in the LDS-I may be 
used to obtain more accurate delays, after the logic 
has been simulated. 


As a comparison, 74LS TTL data was taken from the TI 
TTL Data Book (Second Edition). 


TALS74A flip-flop 74LS51 AND-OR-INVERT T4LS74A 
Clock to output delay gate delay Set up 

Tppy 25 20 not given 

Tpy_ 40 20 not given 


Unfortunately no exact comparison could be made 
because of the unavailability of 74LS74A set up time. In 
addition, no data was readily available on effects of 
temperature and supply voltage variation for these TTL 
devices. Where comparisons could be made, the 5000 
Series D flip-flop and AO2 AND-OR-INVERT gate were 
better than twice as fast as 74LS. 
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PROPAGATION DELAY RELATIVE TO 
TEMPERATURE 


Figure 4. CMOS Propagation Delay as a Function of 


DELAY, ns 


Figure 6. BTS1 TTL Driver Delay as a Function of 


PROPAGATION DELAY RELATIVE TO 
SUPPLY VOLTAGE 
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TEMPERATURE 


Temperature 


LOAD CAPACITANCE, pF 


Load Capacitance. Vpp = 5V, Ta = 25°C. 
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Figure 5. CMOS Propagation Delay as a Function of 


Supply Voltage 


10 


10 20 30 40 50 
LOAD CAPACITANCE, pF 


Figure 7. BTS6 CMOS Driver Delay as a Function of 


Load Capacitance. Vpp = 5V, Ta = 25°C. 
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SCHEMATIC 


LOGIC DIAGRAM 
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Transition 
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Power 
Inverter (IVP) 


yea 

19 

1.3 

1.5 19 2.3 

2.3 3.1 4.0 

2.3 2.8 3.4 

at 3.4 4.2 
hie. 1.4 1.6 
4.0 5.6 7.3 
1.2 1.5 ach 
6.6 9.0 11.2 
19 2.2 2.4 
5.6 6.4 Ue’ 
2.1 2.3 2.6 
5.5 6.2 7.0 
5.7 5.9 6.0 
3.4 3.6 3.7 
7:1 7.3 7.5 


Input Level Shifter 
TTL to CMOS 
(TLCH) 


*D-Type (FDI) 


Flip Flop 8.9 10.6 
3.0 3.0 
4.0 


*Conditions: 
° Delay times measured to Q or Q. 
¢ Q and Q loaded as shown. 
© Clock Definition: Rise/Fall Time = 2.3 nsec 
Pulse Width =4 nsec 


Figure 10. Typical Propagation Delay (ns) with No Metal 
Interconnection. Vpp = 5V, T = 25°C. 
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Output FO=1| FO=2|FO=3] FO=4 
Macrocell aeeahiah 1mm]|2mm{]3mm{4mm 
Metal | Metal | Metal | Metal 


Inverter (IVP) teLH 1.2 = 
And-Nor (AO2) 


Input Level Shifter teu 5.1 5.9 
t5 79 


0 
6 
3 
5 
1 
1 
5 
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tat gle 
2.0 2. 
2.9 3. 
4.0 5. 
3.7 4. 
4.3 5. 


1.8 | 
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1.9 Pad 
11.2 14.2 
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7.7 8 


3. 
8. 
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3.8 4.0 
8.2 8.5 
121 
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1.4 
5.1 
15 
8.1 
2.3 
6.5 
2.5 
6.4 


TTL to CMOS 
(TLCH) 
*D-Type (FDI) 
Flip Flop 


*Conditions: 
* Delay times measured to Q or Q. 
e Q and Q loaded as shown. 
© Clock Definition: Rise/Fall Time = 2.3 nsec 
Pulse Width = 4 nsec 


Figure 11. Typical Propagation Delay (ns) with Metal 
Interconnection. Vpp = 5V, T = 25°C. 
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Operating Characteristics 
Absolute Maximum Ratings (Referenced to Vss) Recommended Operating Conditions 


[Parameter | Symbor | __uimits | Unit | 
be Supp votage | Voo _| -osw+7 | V_ 
== = -55to +125 | °C 


Vop 
Vi 
ee ees bparoee Range 
Range (Ceramic) STG 
=" 


Commercial Range 
Pe a a St 


DC Characteristics — TTL Interface 
Specified at Vpp=5V + 5% and ambient temperature over the specified temperature rangel1| 


= pea RPO 
# Type 1 Buffers lon = —1.5 mA 
ee ie 


Low Level Output Voltage?) 

Type 1 Buffers lop =1.6 mA 
Vou Type 2 Buffers lo. = 3.2 mA 

Type 3 Buffers lop =4.8 mA 


Voc = max, Vo=V, 25 90 mA 
Output Short Circuit Current® a pease 
-7 — 28 mA 


DC Characteristics — CMOS Interface 
(EIAJJEDEC format for CMOS industry B specifications, Vpp = 5V) 


, 
| Three-State Output Leakage . 

Notes: 3. Using a TTL input buffer (see Product Description, page 2), 
1. Military temperature range is —55°C to + 125°C (ceramic 4. For inputs not having on-chip pull-up or pull-down resistors. 

packages only). 5. Not more than one output may be shorted at a time for a 

Industrial temperature range is — 40°C to + 85°C. maximum duration of one second. 

Commercial temperature range is 0°C to + 70°C. 6. Not applicable to assigned bi-directional buffer (excluding package). 
2. There may be limitations on maximum current when many 7. Output using single buffer structure (excluding package). 

outputs are low simultaneously. 8. Not more than one second duration. 
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Power Consumption Calculation 


Power dissipation in CMOS circuits is made up of consumption for the purpose of system and power 
three basic elements. The first and most important is supply design considerations. The following examples 
the charging and discharging of circuit capacitances are used to illustrate applications with conditions 
which makes up the major portion of AC power dis- indicated. 


sipation, and contributes in excess of 90% of total 
power dissipated. The second is due to overlap cur- 
rents when the P and N transistors are switching from 
the high to the low state or vice versa. This contributes 
less than 10% of the power dissipated and occurs for 
the transition period when VtHny < Vin < Vpp — VTHiP)- 
The third element of power dissipation is due to 
leakages. These form DC power dissipation and are 
essentially negligible (few »W). 


The charging of a capacitor C to a voltage V through a 
P channel device builds up a charge CV and stores 
energy CV x V=CV? in the capacitance. This energy is 
later discharged through an N transistor in the CMOS 
P-N pair. When such switching takes place at a fre- 
quency f, the resulting power rn in the CMOS 
circuit is equivalent to P=CV7f. 


The power consumption for a specific application may 
be estimated by calculation, based on the conditions 
being used. While the calculation makes certain 
assumptions, it will adequately establish the power Figure 12. Power Calculation Examples 


Part Type 
LSI 5220 | LSI 5600 


Parameter 


No. of available gates 

No. of gates utilized (70%) 

No. switching each cycle (15%) 
No. of outputs utilized 

Output load Capacitance (pF) 
No. switching each cycle (20%) 
Supply Voltage (V) 


Core dissipation per MHz (mW) 

Output buffer dissipation per 
MHz (mW) 

Total dissipation per MHz (mW) 


At 10 MHz clock speed, total 
dissipation (mW) 

At 25 MHz clock speed, total 

dissipation (mW) 


Vpp and Ground Requirements 


The design of the LSI 5000 series incorporates the number of additional sites will be determined and set 
minimum number of Vpp and ground pads that are during the design of the array. As a guideline, it can be 
required for a high input, low output pin count assumed that an output pad may not be more than 8 
application. Many applications will require additional pads distant from a Vpp or ground. The following are 
pad sites to be dedicated to Vpp or ground, or both, example extreme cases where additional power pads 
for operation within specification. The exact are needed. 


More Desirable —[] [G] [0] [0] [0] [0] [6] [0] [2] [0] ) (6) [2] [2] [} (6) [2] (ae) fo) fel) 
Less Desirable [1] [V] [0] [6] [0] [9] [9] [9] [9] [9] [6] fo) fo) I) ) fo fo fo M) 
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Product Options Available 


The LSI 5000 series is offered in a variety of operating e Commercial operating temperature range: 
temperature ranges and packages. Devices are 0°C to +70°C 
specified over the full MIL temperature range in ° MIL-STD-883 Level B and C Screening 


ceramic packages only. 
: : : e A wide variety of packages are available. Packaging 


° Military aa ao ee hg Application Note A33 should be consulted for more 
—55°C to +125 information. Unpackaged die are also available, on 
e Industrial operating temperature range: special request. 
—40°C to +85°C 


Ls! LOGIC CORPORATION = 8 = 


Silicon Gate so aden ee Array 


Development Support and Interface 

The LDS-I (LSI Development System |) is used for logic 
simulation, design verification, test pattern generation, 
layout and mask design. The desired logic function is 
entered into the system and the design electronically 
breadboarded using the LDS-I logic simulation and 
delay path analysis programs. The simulated input 
patterns are checked for completeness, and other tests 


ROUTING 


DESIGN 
ENTRY 


PLACEMENT 
AND 
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added until the final test patterns are completed. The 
personality masks may then be designed using the LDS- 
I interactive/automatic placement and routing program. 
For more details see the LDS-I Product Description 
available from LSI LOGIC CORPORATION, or 
representative. 


METAL 
MASK AND 
PROTOTYPE 

PRODUCTION 


FINISHED 


PG TAPE 
GENERATION md PARTS 


Figure 13. LDS-I Functional Outline 


Trademarks 
LDS-I is a trademark of LS! LOGIC CORPORATION. 


TEGAS is a trademark of COMSAT GENERAL INTEGRATED SYSTEMS. 


PAL is a trademark of MONOLITHIC MEMORIES INCORPORATED. 


Estimating Equivalent Gate Complexity 


One of the first tasks in converting your logic function 
into a logic array is to estimate its logic complexity. 
While no industry wide standard for logic complexity 
exists, most measure it in terms of ‘‘equivalent gates.” 
These elements, typically two-input gates, may be 
used to implement more complex gates, flip-flops and 
on up to complex counters, shift registers and multi- 
plexers, etc. Tables 1 and 2 list the approximate 
equivalent CMOS 2 input nand gate count of many 
common SSI and MSI functions. 
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Equivalent Gates for 7400 and 4000B Packages — These 
are approximate gate equivalent figures for 7400 and 


4000B series packages, i.e. a 7400 quad two-input nand 


gate package is four equivalent gates. Unused portions 
of these functions may be deleted with a commensu- 
rate savings in gates. Off-chip output buffers and input 
level shifters are not included and must be added 
separately. 


Non-logic 7400 and 4000B functions such as linear 
circuits and large memories are not included. 
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PartNo. Gate Equiv. PartNo. Gate ae PartNo. Gate = PartNo. Gate ae 


ALA 


4 
4 
4 
3 
3 
6 
6 
6 
6 
8 
6 

14 

30 
8 
3 
6 
6 
sg, 
4 
6 
6 
4 
6 
4 
6 
4 
4 
4 
4 
4 
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Table 1. 7400 Equivalent Gate Count for HCMOS Logic Arrays 
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Gate Part Gate 
Equiv. 


Equiv. No. 


LSI 5000 Series 


Gate Part Gate Part Gate 
Equiv. No. Equiv. No. Equiv. 


Table 2. 4000B Equivalent Gate Count for HCMOS Logic Arrays 


Converting PAL/FPLA Designs to Gate Arrays 


Field programmable logic is a popular technology that is 
used to achieve higher levels of integration than is 
possible with standard 7400 series SSI/MSI functions. 
Typically between 5-12 standard SSI/MSI functions can 
be implemented on a single programmable logic circuit. 
These circuits are known by genevic names such as PAL 
(Programmable Array Logic), FPLA (Field Programmable 
Logic Array) and FPLS (Field Programmable Logic 
Sequencer). 


The function of a PLA may be implemented as a portion 
of a logic array with a commensurate cost savings. The 
conversion may take into account a number of factors. 


e The original PLA program may have been generated 
from boolean expressions. These expressions may 
also be used to implement a gate solution. 


PAL 16L8 

PAL 16R4 

PAL 16R6 

PAL 16R8 

PAL 20L8 

PAL 20R4 

PAL 20R6 

PAL 20R8 

FPLA 16x 48x8 
FPLS 16x 48 x8 
FPLA 18 x 32x 10 
FPLS 16x 32x12 
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e For higher speeds, the designer may wish to imple- 
ment in the prime implicant form and optimize propa- 
gation delays. 


e In many PLA designs all 8 or 10 outputs may be used 
simply because they were available. Some outputs 
may be more economically implemented in other 
ways. 


¢ Most PLA designs only use about 50% of available 
minterms because of I/O pincount limitations. A good 
rule of thumb is to assume an average PLA design is 
about 200 gate complexity. Many designs use less 
than 200. Actual details of the logic would be required 
to come up with a final equivalent gate count. 


Table 3 summarizes popular PLAs and the maximum and 
average logic complexity. 


Table 3. PLA Equivalent Gate Count for HCMOS Arrays 
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